BACKGROUND: While symptom questionnaires provide a snapshot of bowel habits, they may not reflect day-to-day variations or the relationship between bowel symptoms and stool form.
INTRODUCTION
Symptom questionnaires are widely used to characterize bowel habits in epidemiological studies and in therapeutic trials for functional bowel disorders. These questionnaires have provided insights into the prevalence, risk factors, disease burden, and natural history of functional bowel disorders (1, 2) . In these instruments, respondents are asked to focus on their predominant symptoms over a defined period, typically between 3 and 12 months. So framed, these questions may not adequately assess variability in bowel habits, and they are also prone to recall bias. Indeed, people tend to exaggerate their bowel habits and overestimate their bowel frequency (3, 4) . Thus, a comparison of bowel habits by self-report and diaries suggested that 51% of the patients with selfreported constipation underestimated their stool frequency by three or more bowel movements per week, underscoring the utility of a bowel diary for accurately recording bowel habits (5) .
Bowel diaries also suggest that several bowel symptoms are influenced by stool form, even among asymptomatic subjects. For example, less than 10% of a sample of healthy subjects from the United Kingdom reported urgency or straining to defecate with smooth and formed stools (i.e., a Bristol form of 4 on a scale of 1-7) (6). In contrast, 100% reported rectal urgency for watery stools (i.e., a form of 7) and over 50% reported straining for hard or lumpy stools (i.e., a form of 1 or 2). Therefore, straining to expel hard stools may not be abnormal. However, currently available bowel questionnaires do not ascertain the relationship between bowel symptoms (e.g., straining) and stool form. This is a significant lacuna, particularly in patients who have varying bowel habits, which is not uncommon in functional bowel disorders (7) (8) (9) (10) . Indeed, studies from primary care and referral practices suggest that a majority of patients with irritable bowel syndrome (IBS) have symptoms of constipation and diarrhea, termed mixed IBS (or IBS-M) (11, 12) .
Our understanding of normal bowel patterns in the community is predominantly derived from the questionnaires. To our knowledge, there are no diary-based data on normal bowel habits or the relationships among bowel symptoms among community residents from the United States. Consequently, as acknowledged in the Rome criteria, the suggested symptom frequencies for defining functional bowel disorders are arbitrary (2) . Moreover, some patients find it difficult to relate their symptom frequency to the criteria (e.g., >25% of the time), partly because their symptoms vary (13) . An improved understanding of the relationships among bowel symptoms may not only facilitate the diagnosis of functional bowel disease, but also improve our understanding of symptoms in these disorders. To address these issues, we compared bowel habits evaluated by the questionnaires to the bowel diaries among women in the community.
METHODS

Study Design
The institutional review board of Mayo Clinic approved this study. Using a validated mailed questionnaire, we identified 507 women with fecal incontinence (FI) among an agestratified random sample of 5,300 women of Olmsted County, MN (14) . Thereafter, 400 women (200 FI and 200 controls) selected at random were invited to participate in a casecontrol study. From this group, 154 women with FI (age 60 ± 1 yr [mean ± SEM]) and 124 controls without self-reported FI (age 61 ± 1 yr) participated. A single gastroenterologist interviewed subjects about their bowel habits over the past year using a validated bowel symptom questionnaire (Fecal Incontinence and Constipation Assessment [FICA]) (15), clarifying questions when necessary for subjects and completing the questionnaire during the interview. The questions in the FICA were framed to be consistent with Rome II diagnostic criteria for functional bowel disorders and abdominal pain. Responses to questions during the physician interview were used to characterize subjects as normal (i.e., no functional bowel disorder), functional diarrhea, functional constipation, and diarrhea-or constipation-predominant IBS as defined by Rome II criteria. Subsequently, subjects recorded the details of every (i.e., continent and incontinent) bowel movement in detailed diaries for 2 wk.
Statistical Analysis
For each subject, the data (e.g., stool frequency and form, proportion of bowel movements associated with rectal urgency, and straining to begin and to end defecation) were first averaged per day and then over the entire diary duration. Variability in stool frequency over the diary period was summarized by the coefficient of variation. Variability in stool form per subject was assessed by first calculating the proportion (%) of all bowel movements recorded over the diary period corresponding to each type (i.e., 1 [i.e., hard pellets] through 7 [i.e., watery diarrhea]) on the Bristol stool form score. The per-subject variation was then summarized by the highest proportion among the stool form score categories (i.e., the highest proportion over all stool form categories recorded by each subject); higher values (maximum = 100) indicated that a larger proportion of stools were of the same stool form, implying less variability.
A multiple logistic regression model ascertained if bowel symptoms recorded by diaries could predict functional bowel disorders, as defined by questionnaire-based Rome II criteria (13) . Consistent with the objectives of this study, subjects were grouped into three categories (i.e., constipation, diarrhea, and "neither") regardless of whether they did or did not have FI. For this analysis, functional constipation and constipation-predominant IBS were combined in one category, as were functional diarrhea and diarrhea-predominant IBS. The logistic model thus considered a three-category response (with "neither" as the comparison category) using a generalized logit link function.
The association between stool form and other quantitative parameters (e.g., the proportions of stools recorded with rectal urgency and with straining during defecation) was evaluated by comparing stool form scores for bowel movements associated with and without a symptom (e.g., urgency). First, the data for each subject (e.g., mean stool form scores over bowel movements with urgency recorded, and separately the bowel movements without urgency recorded) were summarized. Then, these values were compared by a paired t-test over all subjects with complete pairs, i.e., subjects who never reported a symptom (e.g., urgency) in their diaries were excluded from the analysis for that specific symptom. Clinical observations suggest that a sense of incomplete evacuation may be related to several bowel symptoms (e.g., stool form and straining during defecation). Therefore, a multiple linear regression model was used to assess whether bowel symptoms could predict the proportion of stools with a sense of incomplete evacuation.
RESULTS
Of the 278 subjects, 146 (53%) did not have symptoms of a functional bowel disorder according to symptom-based (Rome II) criteria by the questionnaire (i.e., normals), 72 (26%) had diarrhea (i.e., functional diarrhea or diarrheapredominant IBS), and 58 (21%) had constipation (i.e., functional constipation or constipation-predominant IBS). The functional bowel disorder status could not be characterized in two subjects.
Comparison of Bowel Habits in Normals and Functional Bowel Disorders
Among subjects without a functional bowel disorder or FI, 90th percentile values for stool frequency and the Bristol stool form were 1.7 and 3.5 stools/day, respectively ( Table 1) . The 90th percentile values for frequencies of rectal urgency, straining to begin and to end defecation, and the sense of incomplete evacuation were each ≤17%, which is lower than Data are derived from 124 subjects. CV (%) = percent coefficient of variation.
the 25% frequency cutoff for discriminating normal from abnormal in the Rome II criteria. Table 2 compares bowel diary summary parameters among women with or without constipation or diarrhea regardless of whether they had FI. Table 3 lists the results from corresponding multiple logistic regression models. Compared to women who did not have a functional bowel disorder, subjects with looser stools had decreased odds of constipation (odds ratio [OR] 0.6, 95% confidence interval [CI] 0.4-1.0). Conversely, straining to begin (OR 4.1, 95% CI 1.7-10.2) and to end (OR 4.7, 95% CI 1.6-15.2) defecation increased the odds for constipation. Straining to end defecation (OR 3.7, 95% CI 1.2-12.0), increased stool frequency (OR 1.9, 95% CI 1.03-3.7), a sense of incomplete evacuation (OR 2.2, 95% CI 1.04-4.6), and rectal urgency (OR 3.1, 95% CI 1.4-6.6) increased the odds for diarrhea. In contrast, variations in stool form or frequency were not independent risk factors of constipation or diarrhea in these multiple logistic regression models. Model explained 35% of the variance between controls and subjects with functional bowel disorders. CV (%) = percent coefficient of variation. Figure 1 depicts the relationship between stool form and other bowel symptoms for individual bowel movements in normal subjects (upper panel) and those with constipation (middle panel) or diarrhea (lower panel). Figure 2 compares stool form scores for bowel movements which were, or were not, associated with bowel symptoms. Sixty-five percent of all bowel movements in the normal subjects and 48% of all bowel movements in the subjects with constipation and diarrhea had a stool form score of 3 or 4. Constipated subjects had a higher proportion (i.e., 41% vs 25% for controls) of hard bowel movements (i.e., a stool form of 1 or 2), while 31% of the bowel movements in the subjects with diarrhea were semiformed or loose (i.e., form of 5, 6, or 7) as compared to only 10% in the controls. In all three groups, stool form scores were higher (P = 0.0001), reflecting looser stools, for bowel movements associated with urgency (Fig. 2) . However, urgency for soft, formed stools (i.e., form of 3 or 4) was twice as common in diarrhea and constipation. For all subjects (i.e., normals, constipation, and diarrhea), stool form scores were lower (P = 0.0001), reflecting harder stools, for bowel movements associated with straining to begin defecation (Fig. 2) . However, among normal subjects, straining to begin defecation was unusual and straining to end defecation was rare, even for hard stools (Fig. 1) . In contrast, straining to begin evacuating hard stools (i.e., stool form of 1 or 2) was reported more frequently in subjects with constipation (i.e., 40%) and diarrhea (20%).
Relationships Among Bowel Symptoms
Normal subjects reported the sense of incomplete evacuation for stool forms at both extremes. Constipated subjects complained of incomplete evacuation not only after scybalous stools (i.e., 50%) but also after soft, formed stools (i.e., 25% for a stool form of 3 or 4). Subjects with diarrhea reported incomplete evacuation for 40-50% of the loose bowel movements. Among constipated subjects, stool form scores were Figure 1 . Distribution of bowel symptoms by stool forms in normals (A), constipation (B), and diarrhea (C) for all bowel movements. The grey bars represent the proportion of all bowel movements corresponding to specific stool forms. In general, the prevalence of symptoms was lowest for normal stools (i.e., a form of 4). All subjects reported more urgency and less straining for loose than for hard stools. In contrast, incomplete evacuation was most frequently reported for a stool form score of 1 or 7 and was lowest for a stool form score of 3. The data in this figure are not broken down by FI status.
lower (P = 0.0001), reflecting harder stools, for bowel movements associated with, compared to without, a sense of incomplete evacuation.
The bowel symptoms associated with a sense of incomplete evacuation were explored by a multiple linear regression model. In this model, the predictive variables (stool frequency, stool form, straining during defecation, and rectal urgency) explained 24% of the intersubject variation in the proportion of stools recorded with a sense of incomplete evacuation (Table 4) . Rectal urgency was the strongest predictor and explained 10% of the intersubject variation for this symptom.
DISCUSSION
Our understanding of the epidemiology of functional bowel disorders is predominantly derived from the questionnairebased Rome criteria. Because the natural history of these disorders is characterized by considerable variation in bowel Figure 2 . Relationship between Bristol stool form score and rectal urgency (A), straining to begin defecation (B), and sense of incomplete evacuation (C) in normals, diarrhea, and constipation. Stool form scores were higher and lower, respectively, for bowel movements associated with, compared to without, rectal urgency and straining to begin defecation. The data in this figure are not broken down by FI status.
* P = 0.0001 versus without symptom (i.e., urgency, straining, or sense of incomplete evacuation) for subjects in that category (i.e., normals, diarrhea, or constipation).
symptoms and because questionnaires are susceptible to recall bias, daily bowel diaries are also used to document the response to treatment in trials. In this study, the 90th percentile values for the frequency of several bowel symptoms (i.e., sense of incomplete evacuation, rectal urgency, and straining to begin defecation) recorded by diaries from a random sample of community women were ≤17%. These observa- tions support the cutoff (i.e., 25% of the time) for regarding symptoms as abnormal in the Rome II criteria (13) . Stool form is a more reliable marker of intestinal transit than frequency, and the Rome criteria classify bowel disturbances (i.e., constipation and diarrhea) by stool form rather than by frequency (2, 16). Our current concepts of "normal" stool form among asymptomatic people in the community primarily emanates from the detailed records of 12 consecutive bowel movements in 27 healthy subjects from the United Kingdom (6) . The distribution of stool forms among normal subjects in that study was as follows: 11% had a form of 1, 17% (2), 19% (3), 23% (4), 14% (5), 15% (6), and 2% (7). Thus, 54% of the subjects (vs 27% in this study) had a stool form ≥4. Based on our observations (i.e., 17%, 48%, and 17% had stool forms of 2, 3, and 4), we propose that a stool form of 1 or ≥5 should be regarded as abnormal. Although constipation and diarrhea were associated with hard and loose stools, respectively, 20% of the stools in the subjects with diarrhea had a form of 1 or 2 while 10% of the stools in the subjects with constipation had a form ≥5. These observations may reflect variations in stool consistency and reinforce the utility of recording bowel habits by diaries.
Looser stools were associated with more rectal urgency and less straining during defecation, confirming previous observations (6) . The relationship between stool form and bowel symptoms was influenced by disease status. Compared to normals, a higher proportion (i.e., approximately 20-30% vs 8-16%) of the subjects with constipation or diarrhea reported urgency when the stool form score was 3 or 4. Similarly, subjects with constipation reported straining for hard stools (i.e., stool form of 1 or 2) 40% of the time, compared to 4% (for a form of 1) or 12% (for a form of 2) of the time in normal subjects. A sense of incomplete evacuation was associated with harder stools only among subjects with constipation. Based on these observations, we infer that in addition to disturbed stool form, other factors such as pelvic floor dysfunction, visceral hypersensitivity, or even hypervigilance also contribute to the symptoms in constipation and diarrhea. Indeed in the multivariate model, these symptoms (i.e., rectal urgency, straining to begin and end defecation, and stool frequency) were more useful than stool form and explained 24% of the variation in the sense of incomplete evacuation. Rectal urgency is associated with rectal hypersensitivity (17, 18) , while the sense of incomplete evacuation may be indicative of pelvic floor dysfunction (19) . Further studies are required to understand if the symptoms not evaluated here (e.g., relief of abdominal discomfort or bloating) explain the residual variance (i.e., 76%) in the sense of incomplete evacuation. The relationship between the time spent during evacuation and the sense of incomplete evacuation also needs to be evaluated.
Similarly, the multiple logistic regression models only explained 35% of the variation between normal and functional bowel disorders, perhaps because diaries did not inquire about abdominal discomfort. To our surprise, straining to end defecation was a significant risk factor not only for constipation, but also for diarrhea. In addition, harder stools and straining to begin defecation were also risk factors for constipation, suggesting that constipated subjects strain because they have hard stools. In contrast, rectal urgency and the sense of incomplete evacuation, but not straining to begin defecation or stool form, were risk factors for diarrhea. Rectal urgency is a marker not only for loose stools, but also for rectal hypersensitivity (18, 20) . Taken together, these data suggest that women with diarrhea strain to defecate because they have a sense of incomplete evacuation, perhaps related to rectal hypersensitivity rather than because they have hard stools.
The Rome III criteria recognize that bowel symptoms fluctuate over time (2) . In addition to fluctuations over the medium (i.e., several months) or long (i.e., several years) term, a majority of patients randomized to placebo in therapeutic trials have rapidly fluctuating symptoms lasting from <1 h to <1 wk (11, 12) . We observed that stool frequency was more variable in women with functional GI disorders, but variation in stool frequency and form did not add to the utility of other features for discriminating functional bowel disorders from asymptomatic subjects. Because bowel diaries were only maintained for 2 wk, fluctuations over a longer duration may have been missed. However, in one study of 59 subjects, episodes of altered stool form and passage lasted an average of 2.2 and 1.4 days, respectively (21) .
Based on these data, it is conceivable that a simultaneous consideration of stool form with other bowel symptoms (e.g., straining to defecate and rectal urgency) may refine our ability to identify patients, grade the severity, and clarify the role of pathophysiological mechanisms other than the stool form in functional bowel disorders. We conceptualize a system wherein bowel symptoms (e.g., straining) are weighted by stool form. For example, straining to evacuate formed stools (i.e., form 3 or 4) may more strongly suggest a defecatory disorder than straining to evacuate form 1 or 2 stools.
In summary, these observations, from a random sample of predominantly white women in the community, confirm that individual bowel symptoms occur infrequently (i.e., < 25% of the time) in otherwise healthy subjects. Stool form is useful for interpreting the significance of bowel symptoms such as straining to defecate and urgency. People with functional bowel disorders are more likely to have these symptoms even when stool form is normal, suggesting a role for other pathophysiological mechanisms. Straining to begin and end defecation and hard stools discriminated constipated subjects from normals, while straining to end defecation, a sense of incomplete evacuation, and rectal urgency were useful for discriminating diarrhea from normal. These data may be useful for refining symptom-based criteria and for explaining the mechanisms of symptoms in functional bowel disorders.
STUDY HIGHLIGHTS
What Is Current Knowledge r Functional bowel disorders are defined by bowel symptoms, which can be evaluated by bowel questionnaires.
r Questionnaires provide a limited assessment of the relationship between stool form and other bowel symptoms (e.g., urgency).
r Questionnaires incompletely assess day-to-day variations in bowel symptoms.
What Is New Here
r Stool form is useful for interpreting the significance of bowel symptoms such as straining to defecate and urgency.
r People with functional bowel disorders are more likely to have symptoms even when stool form is normal, suggesting a role for other pathophysiological mechanisms.
r Day-to-day variations in stool frequency and form do not augment the utility of other bowel symptoms (e.g., straining to defecate and stool frequency and form) for discriminating between health and functional bowel disorders.
